and Stanley, 1974) . The present study, utilizing newly developed analytical methods, demonstrates the presence of abnormal cultural characteristics in bone marrows previously considered normal when studied by less exacting cell culture techniques.
Mass culture of marrow cells, prior to plating for granulocyte colony formation, yields an absolute increase in the number of granulocyte colony progenitors (Iscove et al., 1972) . Previous study of mouse marrows indicated that the sedimentation velocity of cells responsible for the CFUC increase depended upon the cycling characteristics of the marrow studied. Regenerating marrow cells exhibiting the capacity for CFUc increase, commonly had both lower and higher sedimentation velocities than most CFUc (Sutherland, Till and McCulloch, 19n71) . We reasoned that the stem cells of neutropenic patients should be under a continuous maximum stimulus to produce granulocytes, because of a proposed feedback mechanism related to the low peripheral granulocyte count (Morley, King-Smith and Stohlman, 1970) , and that we might therefore demonstrate similar alterations in stem cell physical and functional characteristics to those previously demonstrated in mouse marrow.
A recently developed method, the so-called " fingerprint " (Miller, 1973) , combined with computer-assisted analysis, and the results of cell culture studies, enabled us to evaluate marrow cells from normal, regenerating and neutropenic sources. The study here reported indicates that stem cell alterations are present in neutropenia, and that these perturbations are similar to those occurring in regenerating bone marrow. (Miller, 1973) . The volume distribution of cells from each fraction was recorded on paper tape and fed into a computer wAhich generated a graphical representation ( fingerprint ") of cell number as a function of sedimentation velocity and cell volume.
A normal marrow fingerprint generally contains two peaks, one representing the erythroid series and the other the myeloid series of inarrow cells (Moon, Phillips and 4 Miller, 1972) . The erythrocytes usually show a peak at a sedimentation velocity of 3 0 mm/h and a volume of 75-100 [m3, whilst the neutrophils peak at an approximate sedimentation velocity of 6-5-7-0 mm/h and a volume of 350-400 [m3 (cf. Fig. 1 ).
Lymphocytes occupy the "' bulge " in the erythrocyte peak at larger cell volumes.
A computer was used to compare individual fingerprints two at a time to determine regions of difference between fingerprints (i.e. to find areas defined by certain sedimentation velocities and cell sizes which were differentially over-or under-represented in a given fingerprint). The fingerprint of each patient (neutropenic or normal) was compared with the fingerprint of every other patient. Another computer program was used to calculate absolute numbers of cells in discrete regions of interest and thereby the percentage of total nucleated cells or " differential " in that region for a given patient.
Granulocyte colony growth in culture.-The assay for granulopoietic colony formation (CFUC) in culture was similar to that of Iscove et al. (1971) Staput fractions were pooled to produce 10 to 15 pools with sedimentation velocities 1 to 10 mm/h and aliquots of these pools were suspended in methyl cellulose in alpha medium (Flow Laboratories) with 20% FCS in the presence (or absence) of 20%o leucocyte-conditioned medium (LCM). After 14 days of culture at 37°C in a high humidity, 7.5% CO2 in air atmosphere, granulocyte colonies containing 20 or more cells were counted. Two plates were counted for each group. The profile obtained for normal marrow cultured in this way is shown in Fig. 1 (Day 0 profile).
Suspension culture.-After pooling of staput fractions, aliquots were plated to determine the number of granulocyte colony progenitors before mass culture; additional aliquots of cells were grown in liquid culture in 15 ml plastic tubes for 7 days prior to methyl cellulose culture as previously described (Messner, Till and McCulloch, 1974; Niho, Till and McCulloch, 1975) . The cultures contained 20% (v/v) FCS and a stimulatory peripheral leucocyte-conditioded medium (LCM) at a concentration of 10% (v/v) previously determined as optimal. These cultures were then left at 37°C in an atmosphere of 7.50/ CO2 in air for 7 days.
At this time, aliquots were plated to assess the number of granulocyte colony progenitors after culture. The profile obtained for a normal marrow cultured in this way is shown in Fig. 1 (Day 7 profile).
RESULTS

Culture data
As previously reported (Iscove et al., 1972; menting at approximately 4 mm/h. We obtained similar results (Fig. 1 ). There was a major peak at 4 mm/h and a minor peak at approximately 6-5 mm/h. Prior suspension culture produced a moderate increase in colonies at 4 mm/h (Fig. 1) . * This patient's specimen was collected 10 (lays after treatment with cyclophosphamide (1 g/m2 surface area), a chemically induced cycling marrow. A bone marrow specimen prior to treatment was not available for analysis; however, there was no expectation that it would have differed from those previously evaluated as haematologically normal specimens ( Fig. 1 ; Iscove et al., 1972). given 10 days earlier. Both patients' marrows (I and II, respectively, in Tables  I and III) clearly exhibited 2 populations of cells capable of giving increases in granulocytic colonies after mass culture, a pattern similar to that observed in most of the marrow specimens from patients with neutropenia. " Fingerprint data Velocity sedimentation analysis of marrow cells indicated a region in which more cells were found in patients with neutropenia compared with normal sources; in this area, cells sedimented between 5.5 and 8a5 mm/h, and had a volume of 200-300 /am3. This region was determined by comparing each neutropenic marrow fingerprint profile to each normal marrow profile and selecting the boundaries which showed the largest statistical differences. Table IV indicates the percentage of total recovered nucleated cells found in this region for the 10 patients studied. With the exception of one neutropenic patient, the relative number of nucleated cells for this region was 1 3 to about 20-fold greater for neutropenic marrows than for the normal marrow with the greatest number of (Iscove et al., 1972) and substantiated here, increases in granulocyte colony progenitors following suspension culture occur in cells which sediment at a rate similar to or slightly slower than those which are characteristic of the peak of granulocyte colony progenitors prior to suspension culture. In marrow derived from patients with neutropenia, however, a population of cells sedimenting slightly faster than those which gave rise to the greatest number of granulocyte colonies prior to culture also produces increases in progenitors of granulocyte colonies. The velocity sedimentation profiles obtained for the generation of increased numbers of granulocyte colony progenitors in neutropenia were duplicated by assessing profiles of two regenerating marrows, one a result of chronic haemolytic anaemia, and the other following cytotoxic drug treatment. The origin of this different, larger in size, population of cells that produces the observed increase in CFUC is unclear.
Two possibilities may be noted; it is possible that this population represents an active cycling population of normally quiescent pluripotent stem cells, or merely larger, self-renewing progenitors related to CFUc. Similar results have been obtained in previous investigations of mouse marrow haematopoietic stem cells using regenerating marrow or marrow cells treated with colcemid and vinblastine (Sutherland et al., 1971) . A similar possible explanation of those results was given.
Patient 3 who, by in vitro culture assessment of marrow cells, possessed few progenitors of granulocyte colonies and minimal ability to produce the granulocyte colony stimulating activity, showed only one apparent population of cells at approximately 6 mm/h sedimentation velocity capable of producing additional progenitors of colonies in mass culture. Since the neutropenia of this patient is severe and arises from a diminished granulocyte progenitor population, it seems a reasonable hypothesis that this haematopoietic stem cell population is therefore under an even greater stress, pushing all progenitors into an activity characterized by the extra population of progenitor cells we have observed in other patients under less severe stress.
Comparative fingerprint analysis with normals demonstrated that neutropenics contain more cells in the region which generally corresponds to the major colony increase following suspension culture. These larger cells sediment at about 6 mm/h. The more slowly sedimenting cells which produced granulocyte colony progenitor increases after suspension culture of marrow obtained from patients with neutropenia are found in a region occupied and masked by red cells, and cannot, therefore, be quantitatively compared. 
